Cutaneous mast cell tumor (MCT) shows a variable biological behavior in dogs and may present either as solitary masse that can be treated and cured with surgical removal or as a systemic metastatic and fatal disease. Histological grade, KIT pattern and proliferative index are typically prognostic factors in MCTs. In the present study, we have investigated correlation between clinical data (breed, age, gender, tumour location, tumor size, time before surgery, number of tumours, occurrence of metastasis and recurrence), cellular proliferation (Ki-67, mitotic index), intratumoural microvessel density (IMVD) and apoptotic index with the histological grade and KIT pattern. 28 tumors, from 20 dogs with cutaneous MCT were evaluated. There was association between histological grade, IMVD, tumor ulceration and number of tumors. A significant increase of Ki-67 expression and mitotic index was observed in MCTs with cytoplasmic KIT staining pattern. Patnaik histological grade system was related to mitotic index. Histological grade in canine cutaneous MCT should not be assessed as the only prognostic factor, but associated with KIT pattern, IMDV, cellular proliferation, presence of tumour ulceration, number of tumours, recurrences and metastases.
Introduction
MCT is the most common malignant skin cancer in dogs [1] . There is a high variable biologic behavior of MCT in dogs, which may be presented as solitary masses, which can be cured with surgical resection, or as a metastatic and fatal disease [2] . Prognostic indicators associated with outcome in dogs are histological grade, age, breed, gender, tumor location, time before excision, size, presence of tumor ulceration, number of tumors, recurrence, metastasis, mitotic index, Ki-67 expression, IMVD, aberrant KIT protein expression and KIT mutation [3] [4] [5] [6] [7] [8] .
MCT affects mainly middle aged and older dogs, with an average of nine years old [7, 8] . Most commonly affected breeds include Boxer, Boston Terrier, Collie, Bull Mastiff, Labrador Retriever, Golden Retriever, Pug, Vizsla, Miniature Poodle, Weimaraner, Chinese Shar Pei, Rhodesian Ridgeback and German Shepherd [1] .
Until recently, there were no data in the literature regarding gender predilection or association between gender and survival rate in dogs with cutaneous MCT, except for one study, in which shorter survival time has been observed in males treated with surgical excision [5] .
In a recent study, authors showed correlation between gender and histologic grades, in which females had mainly low grade tumors [9] .
Main histological grading scheme was proposed by Patnaik et al. (1984) . However, due to discordance (50.3%) among pathologists in grading MCT [10, 11] , a more objective scheme was developed by Kiupel et al. (2011) . A new prognostic classification for MCT was proposed, based on KIT pattern. Three distinct patterns of protein localization in neoplastic mast cells have been identified, which are membranous, diffuse cytoplasmic and focal cytoplasmic. These patterns were correlated with tumor aggressiveness and dogs that had a focal or diffuse cytoplasmic pattern showed an unfavorable prognosis [3] .
Ki-67 expression is widely used to assess cell proliferation, since it has shown prognostic value in MCT cases [5, 12, 13] . Some authors used cell proliferation rate to separate MCT grade 2 in two subgroups with markedly different survival times. It has been suggested that protein Ki-67 should be routinely analyzed in animals with MCT, along with other prognostic markers such as histological grade and KIT pattern [14] . Proliferative activity determined by immunohistochemical staining can also be associated with susceptibility to chemotherapy of tumors, since the most commonly used anticancer drugs act in cell division [14, 15] .
Intratumoral microvessel density (IMD) is a parameter used to assess angiogenesis, which is regulated by proand anti-angiogenic factors [16] . It can be measured by optical microscopy and its disclosure is made by using antibodies with affinity for specific epitopes of the endothelial cell, such as von Willebrand factor, also known as factor VIII [17] . Studies in veterinary medicine demonstrated the importance of IMD in animals [18, 19] . It has been concluded that this parameter can be used as a prognostic factor in canine cutaneous MCT in the postoperative period [20] .
The goal of our study was to investigate the relationship among breed, age, gender, tumor location, size, time before surgery, tumor appearance, number of tumors, metastasis, recurrence, cellular proliferation, IMVD and apoptotic index with histological grade and KIT protein localization.
Materials and Methods

Materials
Twenty-eight canine cutaneous MCT from twenty dogs were included in this study. All dogs were attempted at the Veterinary Teaching Hospital at Sao Paulo State University and were included on the basis of the following inclusion criteria: 1) confirmed diagnosis of canine cutaneous MCT; 2) treatment with surgical excision (no chemotherapy prior to surgery); 3) adequate formalin-fixed paraffin embedded material available for histological grade and immunohistochemical staining.
Methods
Data including age, breed, gender, time before surgery, tumor location, tumor ulceration, number of tumors (single or multiple-in which a nodule grew within a 10 cm radius of the original tumor), as proposed by , [21] survival time and cause of death were recorded. All masses were measured in three dimensions. We performed regional lymph node aspirates, following the criteria described by Krick et al. . Following deparaniffization and hydration, antigen retrieval was performed using 10 mM citrate buffer solution, pH 6.0, in a pressure cooker (Pascal ® Dako) at 121˚C for three minutes. Endogenous peroxidase was blocked by 3% hydrogen peroxide in methanol for 20 minutes. Next, the material was kept for one hour, at 27˚C, in skim milk powder (Molico ® ) diluted to 3% with deionized water. In a wet chamber, the slides were incubated in primary antibody for 18 hours (overnight) at 4˚C. Advance HRP (Dako) was used as the secondary reagent according to the instructions of the manufacturer. The slides were washed with TRIS buffered solution, pH 7.4, between the steps. Reactions were revealed with a ready-to-use DAB solution (Dako) for five minutes. Slides were stained with hematoxylin, dehydrated, and mounted. Sections from normal canine lymph node were used as positive control for both Ki-67 and cleaved caspase-3; hemangiosarcoma for Von Willebrand's factor and skin of allergic dogs sections for c-KIT. Under the same conditions, negative controls were incubated in mouse immunoglobulin (Dako) without primary antibody.
KIT immunohistochemical staining was evaluation as previously described [3] . Focal and diffuse cytoplasmic patterns were gathered, since both have similar prognosis [3, 22] . For Ki-67 immunohistochemical staining evaluation, areas with the highest proportion of immunopositive neoplastic mast cells were identified at 400× magnification. Only slides with at least one positive cell as an internal positive control was considered in the study. The cut-off value for Ki-67 was 23, as proposed by Webster et al. (2007) . In order to determine apoptotic index (caspase 3), we counted all positive and negative cells in five fields at 400× magnification. To assess the IMVD, five fields were selected, which corresponded to 265041.03 micrometer area each, captured by a computerized image analyses system (Leica QWin 3.0 version), at 200× magnification. We obtained the corresponding vessels area in each field, and the IMVD was than expressed as the percentage area identified.
Data Analysis
Log-rank model was used to compare survival rate with histological grade and immunohistochemistry findings. According to the medium value of the IMVD and apoptotic index, tumours were divided into low and high groups. Median survival time was calculated using the Kaplan-Meier. For all analysis, a 5% level of significance was considered using the software GraphpadPrism 3.0.
Results
From the 20 dogs, eight breeds were represented: Boxer (n = 5), Labrador (n = 3), American Pit Bull (n = 3), Fila Brasileiro (n = 2), Dachshund (n = 1), Doberman pinscher (n = 1), Poodle (n = 1), Great Dane (n = 1) and there were 3 cross breed dogs. There were twelve males (60%) and eight females (40%). The median age at the time of the surgery was 100 months (range, 60 -168 months).
Tumors were located on the limbs (n = 14), trunk (n = 8), head (n = 3), perineal area (n = 3). Median tumor size was 39 cm 3 Twelve (60%) tumors presented a cytoplasmic kit staining pattern, while eight (40%) had perimembranous kit staining pattern. Six (46%) tumors showed less than twenty-three Ki-67 positive cells, seven (54%) had more than 23 positive cells for Ki-67 and seven were not considered since there were no positive neoplastic mast cells, neither keratinocytes which were positive internal control. There was a relationship (p  0.05) between kit expression and increased cell proliferation. The average IMVD was 5.74% ± 5.70% (0.50% to 7.81%). There was a significant difference in IMVD between low and high grade tumors. The majority (11/12) of low grade tumors showed low IMVD. There was evidence of recurrence in eleven (55%) dogs, and 9 of them presented kit cytoplasmic staining. We observed a rate of 8% of lymph node metastasis. Survival rate related to recurrence, metastasis and histological grade. Results are shown on Table 1.
Discussion
No significant associations were found between the breed of the dogs and other variables studied. Some authors state that Boxers appear to develop MCT at a younger age and tend to have less aggressive tumors [8, 23] . However, in our study most Boxers were older, but all of them presented grade II and only one had a high grade tumor according to the new proposal system.
Interval between observation and removal of tumor ranged from 5 to 1080 days (Mi = 150 days) and most dogs (9/10) with time before excision higher than 150 days had low grade tumors or grades I and II according to Patnaik. Dogs with tumors presented for months prior to surgery tend to do well, in accordance to other authors [24] .
Tumor location was not an important prognostic indicator; however, both dogs with tumors on inguinal/perineal region had high grade tumors and died four months after the diagnosis. Comments in the veterinary literature regarding the prognostic significance of this parameter are controversial. MCTs arising in the inguinal/perineal, claw bed, oral, muzzle and mucocutaneous region are commonly regarding as having a worse prognosis compared with MCT arising on other regions [7, 8, 25] . It has been stated that there was no significant association between tumors location and additional MCT development or survival time [4, 26] .
The association observed between ulcerated tumors and histological grade may be due to a high cellular proliferation rate. It is accepted that angiogenesis is important for tumoral progression [27] . Nevertheless, tumor blood vessels become abnormal in almost all aspects of their function and structure [28] , which may impair tissue perfusion on tumoral periphery and may cause ulceration. Previous studies described an important correlation of ulcerated tumors and cellular proliferation rate and aberrant kit expression, which are both important for tumoral differentiation and progression and also a relationship between more aggressive tumors and ulceration [8, 22] .
A significant finding of our study is the association of multiple synchronous MCT at the time of diagnosis with histological grade, since all of them had low grade tumors. Previous studies did find a similar association regarding that these dogs tend to present low metastasis rate and larger survival rates [29, 30] . However, Kiupel et al. (2005) found decreased survival time in dogs with multiple synchronous MCT. In our study there was no association of number of tumors with survival rate as demonstrated also in a large study with 280 MCT cases in dogs [31] .
We observed a significant higher IMVD in high grade tumors than in low grade ones. These results could indicate an increased angiogenic activity related to tumor differentiation. It has been also concluded that IMVD is an important prognostic indicator for MCT and it was related to invasiveness and mitotic index [20] . Results have highlighted a strong association between cytoplasmic KIT pattern and increased KI-67 expression. These findings are similar to the ones described by collegueas, who believe that a downstream consequence of c-kit mutations and aberrant kit protein localization may be an increase in cellular proliferation [14, 22] . It is important to emphasize that eleven (55%) dogs showed recurrence, which was associated with survival rate, as described 2006 [32] . There was predominance (9/11) of cytoplasmic kit pattern on these samples. Some authors also correlated this pattern to high recurrence rate and shorter survival rate [33] . Survival time was associated with histological grade, according to both criteria used [34, 35] . Based on the new proposal grading system, dogs with high grade tumors tend to die in four months after the diagnosis and our results confirmed these findings, with an exception of a Boxer breed dog with a high grade tumor, KI-67 expression > 23 cells counts and cytoplasmic kit pattern [35] . This dog highlights that, to date, no single marker will definitely distinguish the prognosis in cases of canine cutaneous MCT, since despite the fact of caring negative prognostic indicators, be a spayed female and presented an ulcerated tumor, it survived 22 months.
We observed evidence of lymph node metastasis in 8% of dogs, which was associated with shorter survival rates. It supports previous results on veterinary literature [23] . However, we believe that it has been underestimated, since we did not performed liver and spleen cytology, as recommended on literature [36] . A recent study revel that ultrasound sensitivity to identified spleen and liver metastasis was 43% and 0% respectively, which may have inferred in false negative results [37] .
Conclusion
Our results support previous studies that have shown the prognostic significance of histological grade in canine MCT. However, it should not be evaluated as a single prognostic factor for canine MCT. We recommend that cutaneous MCT in dogs should be evaluated with additional prognostic markers such as aberrant kit protein localization, IMVD, cellular proliferation, presence of ulceration, number of tumors, recurrence and metastasis, which add important information related to dogs outcome.
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